Abstract: Filamentation in different multi-photon absorption regimes was studied using different laser wavelengths in a zinc selenide crystal. The 3-photon ionization/absorption threshold was verified, and the impact of absorption on filament formation was observed.
Introduction
The study of supercontinuum generation in materials with different bandgaps has shown a strong dependence of the amount of spectral broadening on the bandgap-to-photon energy ratio ! /ℎ ! [1] [2] [3] . Moreover, a threshold to supercontinuum generation was observed -spectral broadening did not occur if ! /ℎ ! < 3. As supercontinuum generation and laser filamentation depend largely on the same physical processes, a similar dependence and threshold is expected for the formation of laser filaments. Couairon and Mysyrowicz have suggested that filaments cannot form if the ionization potential of the medium is smaller than 3ℎ ! as absorption effects would be predominant at the high intensities involved [4] .
This study experimentally shows for the first time the three-photon ionization/absorption threshold to filamentation. The observations in near-threshold condition reveal the sensitivity of filament formation to absorption effects.
Observations and discussion
To study filamentation in different multi-photon absorption (MPA) regimes, the tunable near-IR output of an optical parametric amplifier was focused into a zinc selenide (ZnSe) crystal. The small bandgap of ZnSe ( ! = 2.67 eV) allowed MPA regimes from 2-photon (λ > 0.46 µm) to 6-photon absoption (λ > 2.32 µm) to be covered within the tuning range of the OPA (0.6 µm -2.4 µm). The relevant optical properties of ZnSe ( ! , ! and dispersion) exhibit minimal variations within the range of wavelengths studied, ensuring that the observations can be primarily attributed to MPA effects.
Images of the photoluminescence in the ZnSe crystal were captured from the side, while the supercontinuum generated was recorded at the output of the crystal. In the 2-photon absorption regime, strong absorption was present on the surface of the crystal, and filamentation did not occur. In the 3-photon absorption regime, the absorption region, as indicated by the photoluminescence images, penetrated beyond the crystal surface. The high absorption around the geometrical focus of the beam near the crystal surface prevented the pulse from filamenting upon entry into the crystal, but filamentation was able to take place further in the bulk of the crystal. In the 4-to 6-photon absorption regimes, filaments formed once the beam entered the crystal. Greater spectral broadening was also observed for MPA regimes requiring more photons, in agreement with previous studies of supercontinuum generation [1] [2] [3] . 
Conclusion
The impact of MPA on filamentation has been studied in ZnSe, and the direct visual observation of filaments verified the 3-photon ionization/absorption threshold for filamentation previously proposed. In the 3-photon absorption regime, strong absorption from geometrical focusing can inhibit filament formation. This effect weakens rapidly as we moved into the 4-and 5-photon absorption regimes. This near-threshold behavior will be important as we explore filamentation with different laser wavelengths and propagation materials.
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